observed in Japanese American women, Native Hawaiians, and Latinos. 14 The inverse association between the DASH diet and CVD mortality has recently been reported in our ethnic Chinese population, 15 but the association with more specific CVD outcomes, namely, CAD and stroke, as well as the role of mineral intakes as potential mediators are yet to be explored. The DASH diet was primarily designed to promote intake of a collection of nutrients, particularly higher intakes of potassium, calcium, and magnesium, and lower intakes of saturated fat and cholesterol. 16, 17 Given the observed associations of potassium, calcium, and magnesium with CVD risk, [18] [19] [20] it is plausible to hypothesize that the benefits of the DASH diet may be at least partly mediated through provision of higher intakes of these dietary minerals. We therefore evaluated adherence to the DASH dietary pattern and mineral intakes in relation to CVD, CAD, and stroke mortality risk in an ethnic Chinese population. We also assessed whether mineral intakes may mediate the DASH diet-CVD relationship and the association between individual DASH components and CVD risk.
Methods
The data that support the findings of this study as well as analytic methods and study materials are available from the corresponding author upon reasonable request and in compliance with National Institutes of Health guidelines.
Study Population
We used data from the Singapore Chinese Health Study, a population-based cohort study conducted among 35 303 Chinese women and 27 954 Chinese men aged 45 to 74 years at baseline between April 1993 and December 1998. The participants were recruited from Hokkiens and Cantonese, the 2 major dialect groups in Singapore, mostly originated from the Fujian and Guangdong provinces in Southern China, respectively.
Structured questionnaires were used to collect information through in-person interviews on demographic characteristics, lifestyle factors (physical activity, tobacco use, and alcohol intake), usual diet, and medical history at the time of recruitment. The study was approved by the Institutional Review Board at the National University of Singapore, and informed consent was obtained from each study participant. Further details of study design can be found in a previous publication. 21 
Assessment of Diet and Covariates
During the baseline interview, a semiquantitative food frequency questionnaire (FFQ) was administered, which included 165 food items commonly consumed in Singapore. The respondents were required to choose the portion size (small, medium, or large) from provided photographs and select from 8 frequency categories (ranging from "never or hardly ever" to "2 or more times a day"). We derived nutrient intakes including calcium, potassium, magnesium, and sodium (in milligrams) from FFQ data using the Singapore Food Composition Database that was specifically developed for this cohort study. 21 The FFQ was validated among a subset of 810 participants from this cohort survey by two 24-hour recalls collected for 1 weekday and 1 weekend day and by a repeat administration of the FFQ. The intake values from the FFQ and 24-hour recall methods showed similar distributions, with most mean pairs for energy and nutrients within 10% of each other's values. Moreover, the correlation coefficient for energy and nutrients between these 2 methods ranged from 0.24 to 0.79, which is comparable with previous validation studies in diverse populations. 22 Specifically for calcium intake, correlation coefficients between FFQ and 24-hour recall methods ranged from 0.51 to 0.62 among the 4 groups by sex and dialect group for energy-adjusted values. 21 We calculated a DASH dietary pattern score for each participant based on the method developed by Fung et al 7 that considers 7 food groups and 1 mineral: high intake of
Clinical Perspective
What Is New?
• Adherence to the Dietary Approaches to Stop Hypertension (DASH) dietary pattern was associated with lower risk of both coronary artery disease and stroke mortality in a Singapore Chinese population.
• High potassium intake was inversely associated with coronary artery disease mortality, whereas high sodium intake was directly associated with stroke mortality; however, the association between the DASH dietary pattern and cardiovascular disease mortality was largely independent of sodium, potassium, magnesium, and calcium intakes.
• Almost all aspects of the diet considered in the DASH diet appeared to contribute to its inverse association with cardiovascular disease mortality risk.
What Are the Clinical Implications?
• Our findings underscore the importance of overall quality of diet.
• Health benefits of adherence to the DASH dietary pattern against cardiovascular disease risk may go beyond benefits of a low-sodium, high-potassium diet.
• The DASH dietary pattern may thus provide a useful model for cardiovascular disease prevention in Asian populations.
fruits, vegetables, nuts, dairy products, and whole grain, and low intake of sodium, sugar-sweetened beverages, and red meats (fresh and processed). The quintiles for intake of favorable items were used directly as scores, while they were used in the reverse direction for unfavorable items (sodium, sweetened beverages, and red meats). For example, a participant in the highest quintiles of fruits and red meat intakes received a component score of 5 for the former but 1 for the latter. The overall DASH score for each participant was a sum of the individual component scores that hypothetically could range from 8 to 40. Self-reported information about age, body weight, height, educational level, smoking status, and physical activity was also collected through the baseline questionnaire. Body mass index (in kg/m 2 ) was calculated by body weight in kilograms divided by square of height in meters. To obtain past medical conditions of the participants including type 2 diabetes mellitus, hypertension, cancer, CAD, and stroke, participants were asked if they had been told by a doctor that they have these conditions.
Assessment of Mortality
Data on death occurrence and its causes were obtained through linkage with the nationwide registry of birth and death in Singapore. Vital status for the cohort participants was updated through December 31, 2014. In this cohort, as of December 31, 2014, only 52 subjects (0.08%) were known to be lost to follow-up for reasons such as emigration from Singapore, rendering vital statistics during follow-up virtually complete. The International Classification of Diseases, Ninth Revision (ICD-9) was employed to specify underlying cause of death, using 390 to 459 codes for CVD deaths, 410 to 414 for CAD deaths, 430 to 438 for stroke deaths, 430 to 432 for hemorrhagic stroke, and 433 to 438 for ischemic/ill-defined stroke.
Statistical Analysis
Among 63 257 participants who were interviewed at baseline, we excluded participants with self-reported CAD or stroke at recruitment (n=3220) and those with either a self-reported cancer history or cancer identified via linkage with the nationwide Singapore Cancer Registry at baseline (n=1936). Participants with extreme energy intakes (<600 or >3000 kcal/day for women and <700 or >3700 kcal/day for men, n=1023) were also excluded, and a total of 57 078 subjects remained for the current analysis. Energy-adjusted values were used for all foods and nutrients using the residual method. 23 Person-years of follow-up for each participant were calculated from the date of recruitment until the reported time of death, lost to followup, or December 31, 2014, whichever came first. We employed Cox proportional hazards models to examine associations of quintiles of independent variables with CVD mortality risk using the lowest quintiles of intake or score as the reference category. Accordingly, we first examined the associations of adherence to the DASH diet with CVD mortality and its subtypes of CAD and stroke. Next, we determined the associations of intake of minerals (sodium, calcium, magnesium, and potassium) with these outcomes and then assessed the extent to which associations of the DASH diet with CVD mortality and its subtypes are mediated by these minerals. Finally, we examined the associations of components of the DASH diet. In the multivariable model, we adjusted for age (continuous), sex, interview year (1993) (1994) (1995) (1996) (1997) (1998) , dialect group (Hokkien, Cantonese), level of education (none, primary school, secondary school or more), physical activity of moderate intensity (<0.5, 0.5-3.9, ≥4 h/week), body mass index (continuous), cigarette smoking (never smoker, exsmoker, current smoker), alcohol consumption (never or monthly, weekly, daily), self-reported history of hypertension and diabetes mellitus, and total energy intake (continuous). For models with dietary minerals as the exposure of interest, we further adjusted for quartiles of the intake ratio of polyunsaturated to saturated fatty acids, as well as quartiles of dietary cholesterol, long-chain omega-3 polyunsaturated fatty acid, other omega-3 fatty acids, fiber, and use of dietary supplements (weekly and more; yes/no).
The proportionality assumption was tested using Schoenfeld residuals, and no violation was detected. We tested for linear trends across categories of exposures by assigning the median intake to each of the quintiles of intake and modeling these as continuous variables in multivariable regression models. We calculated Pearson's correlation coefficients among intakes of minerals and between minerals and the DASH score. The strongest correlation between any of the examined minerals and other dietary factors was 0.73 for potassium and fiber. To assess multicollinearity in models with several dietary factors included, we calculated the variance inflation factor in the fully adjusted model and found that all were <2.5 except for potassium, which had a slightly higher value (2.69). Hence, multicollinearity was not a significant issue in these models. We tested interactions through cross-product terms between median values of DASH score quintiles and sex, age (categorized based on cohort median at 55 years), body mass index (<23 and ≥23 kg/m 2 ), current smoking (yes/ no), and alcohol use (at least weekly/no or occasionally). All statistical analyses were conducted using Stata Statistical Software, Release 14.2 (Stata Corporation, College Station, TX), with 2-sided P<0.05 as the threshold for statistical significance.
Results
Among the 57 078 participants in our study, the DASH score ranged from 8 to 39 with a mean (AESD) of 24.1AE4.3. Those in the highest quintile of the DASH score (best adherence) were more likely to be women and highly educated ( Table 1 ). They also generally had more healthful lifestyle profiles than those in the lowest quintile with lower smoking and regular alcohol drinking and higher physical activity level. A higher adherence to the DASH pattern was also associated with a higher polyunsaturated to saturated fatty acid ratio; higher intakes of fiber, vitamin D, folate, calcium, potassium, and magnesium; and a lower intake of cholesterol. Those with higher DASH scores were more likely to have a history of diabetes mellitus and hypertension. The highest correlation among the 3 minerals of interest was between potassium and magnesium (r=0.75) followed by potassium and calcium (r=0.62) and calcium and magnesium (0.56). The correlation coefficient between the DASH score and intakes of calcium, potassium, sodium, and magnesium were 0.47, 0.49, À0.22, and 0.57, respectively. During 981 983 person-years of follow-up (mean 17.2 years), we documented 4871 cases of CVD mortality, including 2610 cases of CAD mortality and 1413 cases of stroke mortality. Higher adherence to the DASH dietary pattern was associated with a lower risk of CVD, CAD, and stroke mortality, with dose-response relationships in multivariable models. These associations were not substantially weakened by further adjustment for intakes of sodium, calcium, magnesium, and potassium (Table 2) .
Higher calcium (hazard ratio [HR] for extreme quintiles, 0.91; 95% CI, 0.83-1.00; P for trend=0.02) and magnesium (HR, 0.87; 95% CI, 0.79-0.95; P for trend=0.003) intake were associated with a lower risk of CVD mortality in multivariable adjusted models (Tables S1 and S2 ). However, after further adjustment for intakes of other dietary factors, the association for both minerals was weakened and lost statistical significance (Table 3) . Fiber intake was mostly responsible for this attenuation (HR, 0.97, 95% CI, 0.88-1.07 for calcium; and HR, 0.99, 95% CI, 0.89-1.10 for magnesium) while fiber itself remained inversely associated with lower risk. Higher potassium intake was inversely associated with CVD risk, whereas a higher sodium intake was directly associated with CVD risk regardless of the adjustment for other risk factors including dietary factors. Considering CAD and stroke mortality separately, the same patterns of association were generally observed, but potassium was only inversely associated with CAD. We observed no statistically significant interaction between intake of these minerals and age and sex regarding risk of CVD, CAD, and stroke mortality (P>0.10).
We tested if our findings were sensitive to the inclusion of ICD-9 code 438 labeled as "Late effects of cerebrovascular diseases," but exclusion of those deaths yielded almost identical associations (data not shown). We further tested subtypes of stroke mortality, hemorrhagic and ischemic/illdefined, and observed the same patterns of inverse associations without a mediation role for these minerals (data not shown). We also examined interactions between DASH scores and other risk factors and observed a stronger association with stroke mortality in participants with at least weekly We assessed individual components of the DASH score ( Table 4 ) and found that 6 of 8 components were inversely associated with CVD risk (vegetables, fruits, whole grains, nuts and legumes, red meat, and sodium) following doseresponse relationships (all Ps-trend≤0.04) while the remaining 2 components (dairy and sugar-sweetened beverages) tended to be inversely associated but with borderline statistical significance (P-trend=0.07 for both). The associations of these components with CAD and stroke mortality were generally the same as for CVD mortality except that the intake of sugarsweetened beverages was significantly associated with stroke mortality but not with CAD mortality.
Discussion
In this longitudinal study in ethnic Chinese adults, we observed that adherence to the DASH diet was associated with lower risk of CVD, CAD, and stroke mortality independent of intakes of sodium, calcium, potassium, and magnesium. Moreover, the majority of DASH diet components were associated with lower CVD, CAD, and stroke mortality risk with few exceptions.
A meta-analysis of 9 studies found 20% lower risk comparing the highest DASH diet adherence to the lowest for CVD mortality. 13 The association between adherence to the DASH diet and more specific CVD outcomes, CAD and stroke, was assessed in few previous cohort studies. A metaanalysis of 3 studies found an inverse association with CAD risk (relative risk [RR], 0.79; 95% CI, 0.71-0.88) and stroke risk (RR, 0.81; 95% CI, 0.72-0.92). 24 All these studies were done in Western countries except for a small study in 2061 Taiwanese (123 cases) in which the DASH score was not associated with stroke risk. 9 However, a "DASH nutrient score," a combination of 5 DASH targeted nutrients (saturated fat, dietary fiber, calcium, potassium, and magnesium), was significantly associated with lower risk of stroke in that study, although among all these items, only magnesium reached statistical significance. 9 Hence, the benefits of the DASH diet was mainly attributed to its mineral content in this Asian population. 9 This hypothesis was also supported by the inverse associations of higher calcium 25 or potassium 26 intake with CVD risk in the Japan Collaborative Cohort Study. Our findings for dietary calcium intake corroborate a metaanalysis of 17 prospective cohort studies that also found no significant association with CVD mortality risk (HR, 0.97; 95% CI, 0.88-1.06). However, an inverse association was observed in a subgroup analysis of 8 studies with <10 years' follow-up (HR, 0.88; 95% CI, 0.78-0.99) in this meta-analysis. 27 A doseresponse meta-regression of 11 prospective studies also showed no significant association between dietary calcium intake and CVD/CAD or stroke mortality. 28 In contrast, in a recent study in a Korean population with low calcium intake comparable to the intake level in our population, higher calcium intake was associated with lower risk of incident CVD in women, while a nonsignificant higher risk was observed in men. 29 No significant association with stroke was observed in that study in either sex. 29 Our findings did not support sexspecific associations between mineral intakes and mortality of CAD, stroke, or CVD. The contrast between the highest and lowest quintile of magnesium intake in our study was relatively small (205 mg/ day versus 290 mg/day), which may have contributed to a weaker association for magnesium as compared with potassium intake, for which the contrast was larger (1301 mg/day versus 2306 mg/day). Our findings for magnesium intake were in line with a dose-response meta-analysis that found no significant association with CVD mortality (RR, 0.93 per 100 mg/day; 95% CI, 0.82-1.05; 8 studies) and stroke mortality (RR, 1.07 per 100 mg/day; 95% CI, 0.90-1.28; 4 studies). 19 However, in the same meta-analysis, magnesium intake was significantly associated with a lower risk of CAD mortality (RR, 0.81 per 100 mg/day; 95% CI, 0.69-0.95; 5 studies). 19 The majority of the studies included in this metaanalysis did not control for any other nutrients (comparable with our findings before full adjustment) and thus could not rule out confounding by other dietary factors.
We observed an inverse association between potassium intake and CVD and CAD mortality even after controlling for other dietary factors. In a meta-analysis by Aburto et al, 18 potassium intake was not significantly associated with incident CVD (RR, 0.88; 95% CI, 0.70-1.10) or CAD (RR, 0.96; 95% CI, 0.78-1.19), but these were pooled analysis of only 4 and 3 studies, respectively. In contrast, their metaanalysis of potassium intake and incident stroke risk based on 9 studies showed an inverse association (RR, 0.76; 95% CI, 0.39-0.90). 18 Of note, the majority of these studies also did not control for other dietary factors. Several underlying mechanisms have been proposed for the potential protective role of potassium on cardiovascular risk including modulation of blood pressure, reduction of free radical formation, improvement of endothelial function, increase in arterial compliance, and reduction of left ventricular mass. 30 Higher adherence to the DASH dietary pattern in our study was associated with higher intakes of calcium, potassium, and magnesium. However, the inverse association of DASH adherence was not substantially mediated by intake of these 3 minerals. Other aspects of the diet as reflected in the DASH diet could improve cardiovascular health, 1 through different mechanisms such as providing sufficient dietary fiber, 31 folate, 32 and flavonoids. 33 In our study, the inverse associations of the DASH diet with CVD and stroke mortality were observed only in nonsmokers, with a stronger association for stroke mortality in alcohol drinkers. These findings indicate a potential offsetting impact of smoking against the beneficial effects of the DASH diet, while a synergistic effect for moderate alcohol and the DASH diet may exist.
As for components of the DASH diet, most individual items were inversely associated with a lower risk of CVD, CAD, and stroke mortality. These findings emphasize the importance of diet quality as a whole rather than a specific food group or nutrient. In contrast to our findings, no significant association with stroke was observed for food components of DASH in a small Taiwanese population. 9 The only other study, to our knowledge, that considered the association of DASH components with CVD risk was the Women's Health Study, in which only fruit intake had a significant inverse association. 5 Despite our borderline findings for the dairy component, we have previously reported an inverse association between dairy intake and stroke mortality risk at a slightly shorter period of follow-up and different classification of dairy consumption. 34 The DASH diet uses a data-driven approach in scoring of components (quintiles), whereas a priori criteria with regional calibration may improve its efficacy through a better utilization of components such as dairy. As for the sodium component, our findings were in line with current dietary guidelines highlighting the adverse effects of high sodium intake despite debates about optimal dose. 35 However, inconclusive findings were observed in a meta-analysis for CVD (incident and mortality) and incident CAD whereas a significant 24% to 32% higher risk was observed for CAD mortality and stroke (incident and mortality). 20 The adverse effect of a higher sodium intake is mediated through blood pressure and nonblood pressure mechanisms. 36 In the PURE (Prospective Urban Rural Epidemiology) study, sodium intake was associated with cardiovascular disease and strokes but only in communities with a mean intake over 5 g/day like Chinese. 37 The mean daily sodium intake of Chinese Singaporean adults was 3.7 g concurrent to our study baseline 38 and 3.3 g based on 24-hour urine measurements in 2010 39 ; however, we still have observed the direct associations in our study. The strengths of our study include the prospective design and the large sample size with long follow-up and a large number of CVD mortality cases. Other strengths include negligible loss to follow-up and use of a locally validated dietary assessment tool. However, some misclassification in the assessment of the DASH score or nutrient intakes due to measurement error in the reporting of food consumption and changes in diet over time is unavoidable. Because of the prospective design, this misclassification should have been nondifferential but still could have obscured existing relationships by biasing HRs toward the null. In particular, the absence of any direct question about added salt in the FFQ may have led to misclassification. An underestimation of sodium intake often occurs with dietary assessment tools due to underreporting and inherent difficulties in capturing information about recipes and discretionary salt use. 40 This may have led to dilution of DASH-CVD and sodium-CVD associations in our study. Another limitation is that adherence to the DASH diet may be a marker of health consciousness that in turn may affect other health-related behaviors including access to health care. It is not clear if we have sufficiently captured these confounding factors despite our adjustment for a wide range of covariates. Hence, like any other epidemiological study, a potential role of residual confounding could not be ruled out. Members of this cohort were of Chinese ethnicity, and our results may not be generalizable to other ethnic groups.
In conclusion, adherence to the DASH dietary pattern was associated with lower risk of CVD, CAD, and stroke mortality in an ethnic Chinese population. High potassium intake and low sodium intake were also associated with lower CAD and CVD mortality. However, the association between the DASH dietary pattern and CVD mortality was largely independent of mineral intakes. Almost all aspects of the diet considered in the DASH diet appeared to contribute to its inverse association, underscoring the importance of overall dietary quality. Our results support the hypothesis that the DASH dietary pattern can be used as a potential model for CVD prevention in Asian populations. 
